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Activities of components in silicate melts are com-
plex functions of the temperature, pressure, and com-
position of those melts.  Variations in activities affect
the character of many processes of interest in under-
standing the petrologic history of the Moon and other
planets, including elemental partitioning and phase
equilibria.  Modeling and prediction of variations of
activities in silicate melts are made particularly diffi-
cult by our limited knowledge of the actual melt spe-
cies in which various elements are found.  Often melt
components are modeled as simplified elemental ox-
ides, even though in many cases these oxides are poor
models of the actual speciation in the melt.  Electro-
chemical measurements can provide insight into the
thermochemistry of the actual species in the melt, in
some cases differentiating the separate effects of the
cation and anion in an elemental oxide component [1]
or identifying the presence of dimers in the melt [2, 3].
Improvements in our understanding of the nature of the
melt species in turn improves our ability to model and
understand variations in activity with temperature,
pressure, and composition.

Curves for voltammetric reduction of trivalent
Chromium to divalent Chromium in silicate melts do
not have the shape expected for simple reduction of
Cr3+ to Cr2+ (reported in [3] and seen again in these
experiments).   The unexpected shape has been inter-
preted as either the result of coincident reduction of
Cr2+ to Chromium metal [2] or as the result of the pres-
ence of a dimer of Cr3+ (e.g. of the form Cr2

6+) [3].
The primary argument favoring the interpretation of the
presence of a dimer is based on the shift in the volt-
ammetric peak position with changing Cr concentra-
tion, as expected if a dimer is present [4].  However,
the experimental results we report in Fig. 1 illustrate
that the shift in peak position with concentration disap-
pears at lower concentrations of Cr and possibly at
higher temperatures.  This suggests either that it is not
a dimer causing the unusual voltammetric curve shape,
or that the effect of the dimer changes with changing
temperature and concentration.

Are there Cr dimers in the melt?  The alternative
interpretation of the results in Fig. 1 is that the odd
shape of the voltammetric curves is due to coincident
reduction of divalent Cr to a metal dissolved in the Pt
electrodes used in these electrochemical experiments.
Solution of reduction products in Pt electrodes during
cyclic voltammetry has been reported previously [2, 5].
At sufficiently high Cr concentrations in the melt, and
sufficiently high voltammetric scan rates, the concen-
tration of the Cr in the Pt during reduction could ex-

ceed the concentration limits for Henry’s Law behav-
ior.  This would result in a shift in the cyclic voltam-
metric peak position as concentration in the melt
changes.  The expected direction of the shift would be
the same as that observed in these experiments.  This
shift in peak position would cease to occur once the
concentration fell low enough so that Henry’s Law
behavior in the Pt electrode is preserved, thus possibly
explaining the results seen in Fig. 1.  This type of be-
havior has been reported for electrochemical reduction
of Fe [2].
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Fig. 1.  Cathodic peak position as a function of amount
of Cr in 2 different compositions.  Composition 1 is
CaO•MgO• 2SiO2, composition 2 is CaO•MgO•1.4SiO2.
The line illustrates the trend expected for dimerization at
1575C from [4].  The trends at 1425C and 1440C are only
slightly different.  Epk = the potential at the peak cathodic
current in a cyclic voltammetry scan.  Uncertainties include
that due to uncertainties in the measured peak position
(about 5-10 mV) as well as possible systematic errors arising
from errors in measurement of the electrode surface area (the
remainder of the uncertainty).  Uncertainties in the measured
peak positions are less than those we have previously re-
ported  due to use in the present experiments of a SAS fitting
procedure to determine peak positions.

However, if the shift in peak position observed in
Fig. 1 is related to variations with concentration in the
activity coefficient for Cr in the Pt electrode, then the
peak position should be a function of experimental
current density (or peak current).  The current density
increases both with the initial concentration of Cr in the
melt and the voltammetric scan rate.  Figure 2 illus-
trates that there is little correlation between the shift in
peak position and the current density, indicating that
non-Henrys Law behavior of Cr in Pt is not likely the
cause of the peak shift seen in Fig. 1.

On the other hand, if the shift in peak potential
arises from presence of a dimer in the melt, the peak
potential should be a function only of initial concentra-
tion of Cr in the melt but not scan rate.  Fig. 3 illus-
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trates that Epk is closely correlated to concentration,
suggesting that a dimer-monomer pair in the melt and
not variations in Cr activity in the Pt electrode cause
the shift in peak position with concentration.
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Fig. 2  Lack of correlation between Cathodic peak posi-
tion and the Ipk suggests that the shift in peak position is not
due to changes in the Cr activity coefficient in Pt.
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Fig 3.  Strong correlation between concentration and
cathodic peak position is consistent with a dimer involved in
the reduction of Cr3+.  Variation between different scan rates
shown for each concentration is within uncertainty.

If a dimer of trivalent Cr is present, why does the
peak potential stop shifting when Cr concentrations
become sufficiently low?  We expect that as concen-
tration decreases, the proportion of trivalent Cr present
as a dimer decreases as well (Keq = [Cr3+]2/[Cr2

6+]).  At
sufficiently low concentration, virtually all trivalent Cr
will be present as a monomer and little dimer will be
present.  Under these conditions, we expect the peak
potential will become constant.  CVSIM, a program
that simulates voltammetric curves for a variety of in-
put conditions [6], illustrates this effect (similar to that
observed in Fig. 1).  There is an initial increase in the
cathodic peak potential which levels off at a peak po-
tential near that expected if no dimer were present
(related to the reduction potential for trivalent Cr
monomer) (Fig. 4).  We can understand this in the fol-
lowing terms:  Where substantial dimer is present, the
activity of the monomer is greatly decreased from that
expected if all Cr were present as monomer, and thus a
more negative potential is required to reduce it.  As the
amount of the dimer decreases, the activity approaches
that expected if all Cr were present as a monomer and
the trivalent Cr is correspondingly easier to reduce.
Once the trivalent Cr is substantially all present as a
monomer, additional decreases in Cr concentration,
and thus in the proportion of the Cr present as a dimer,
has little effect on the activity for the Cr monomer
relative to total Cr concentration.  The reactions mod-
eled by CVSIM were the following:

Cr2
6+  ⇔  2Cr3+ monomerization

Cr3+ + e-  ⇔  Cr2+  electrode reaction
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Fig. 4.  Simulation using CVSIM [6], T=1698K.

Effects of melt composition and temperature on
the Cr dimer:  Composition of the melt has an effect
on the position of the cathodic peak at any given con-
centration (Fig. 1).  This shift is related to the com-
bined effects of changes in the activity of the oxide ion
in the melt (which affects the reference electrode po-
tential) and the stability of the trivalent dimer relative
to the monomer in the melt.  For the two compositions
reported in Fig. 1, the effects of changes in the oxide
ion are known [7, 1].  Oxide ion activity variations
shift the peak for composition 2 about 90mV in a posi-
tive direction.  The observed shift is about 20mV in a
negative direction, indicating a 110mV shift due to
changes in the relative stabilities of the dimer and
monomer in the melt.  The direction of this shift indi-
cates that the dimer becomes more stable in the more
silica-poor composition 2.  If this is true, we expect
that the dimer will cease to effect the cathodic peak
position at a higher total Cr concentration in composi-
tion 1 than in 2, an effect seen in Fig. 1.  We might
expect that higher T would favor the monomer over the
dimer.  This is weakly suggested by the shallower slope
for the change in peak position with concentration for
composition 2 at 1575C than at 1440C, suggesting the
high-temperature curve is flattening out at a higher Cr
concentration.

Conclusions:  Additional experiments and evalua-
tions confirm that a dimer of trivalent Cr is present
under some conditions in silicate melts.  These results
suggest that, at least in the simplified melts studied
here and at temperatures above 1425C, the dimer is
important only at concentrations of Cr2O3 near 0.2wt%
and greater.  The stability of the dimer is a function of
composition and in these experiments was more stable
in the more SiO2-poor composition.  The dimer also
appears to be more stable at lower temperatures, sug-
gesting that, at lower temperatures, it could be impor-
tant at concentrations more typical of natural magmas.
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